Abstract: In this paper we compare the prediction for the high energy soft interaction in N-4 SYM with the experimental data. It is shown that at least half of the total cross section at the LHC energy should have a different source than N=4 SYM.
The goal of this paper is to evaluate the scale of the disaster, comparing the prediction of the N=4 SYM with the experimental data. We claim that at least half of the total cross section at the Tevstron energy has to stem from a different source then the N=4 SYM.
Before discussing predictions of the N=4 SYM for high enegy scattering we would like to draw attention that there exist two different regions of energy that we have to consider in N=4 SYM differently: (2/ √ λ) α ′ s < 1 and (2/ √ λ) α ′ s > 1 (λ = 4πg s N c where g s is the string coupling and N c is the number of colours). In the first region the multiparticle production has very small cross section and it can be neglected. However, in the second region the graviton reggeization leads to the inelastic cross section that is rather large and at ultra high energies the scattering amplitude reveals all typical features of the black disc regime: σ el = σ tot /2 and σ in = σ tot /2.
Therefore, the formulation of the main result of this paper is the following: at the accessible energies the amplitude is in the first region and at least half of the total cross section at the Tevatron energy has to stem from a different source then the N=4 SYM. However, at the LHC energy the N=4 SYM mechanism can be responsible for about 2/3 of the total cross section and, perhaps, at the LHC the final states will be produced with the typical properties of the N=4 SYM.
High energy Scattering in N=4 SYM

Eikonal formula
The main contribution to the scattering amplitude at high energy in N=4 SYM, stems from the exchange of the graviton * . The formula for this exchange has been written in Ref. [6, 8, 10] . In AdS 5 = AdS d+1 space this amplitude has the following form (see Fig. 1 )
where T µ,ν is the energy-momentum tensor, and G is the propagator of the massless graviton. The last expression in Eq. (2.1), reflects the fact that for high energies, T µ,ν = p 1,µ p 1,ν and at high energies the momentum transferred q 2 → q 2 ⊥ which led to G 3 (u) (see Refs. [6, 10] ). In AdS 5 the metric has the following form
and u is a new variable which is equal to
z, x µ Figure 1 : The one graviton (1GE) exchange.
where b is the impact parameter (see Fig. 1 ).
As one can see from Eq. (2.1) the one graviton exchange amplitude is real. As have been discussed [5] the graviton reggeization leads to a small imaginary part, and the amplitude can be re-written in the form [5, 10] 
where ρ = 2/ √ λ ≪ 1.Ã 1GE steeply increases with energy s and has to be unitarized using the eikonal formula [6, 7, 10] A eikonal s, b; z, z
In Ref. [10] it was argued that AdS/CFT correspondance leads to the corrections to Eq. (2.6) which are small (∝ 2/ √ λ). The unitarity constraints for Eq. (2.6) has the form 2 ImA eikonal s, b; z, z
Eq. (2.5) gives the simple way to take into account the reggeization of the graviton to understand the main property of the scattering amplitude but in our description of the experimental data we will use the exact form of the amplitude for the exchange of the reggeized graviton (see Refs. [5, 10] ), namely, (2.8) gives the description of one reggeized graviton in the limit s → ∞ with λ ≫ 1 while the simple formula of Eq. (2.5) describes the one graviton exchange for λ → inf inity but s ≫ 1/α ′ .
Nucleon-nucleon high energy amplitude
Discussing the hadron interaction at high energy we need to specify the correct degrees of freedom that diagonalize the interaction matrix. We assume that a nucleon consist of N c quarks whose interact with each other with the eikonal formula of Eq. (2.6), namely,
where
and ρ = 2/ √ λ. In Eq. (2.9) we assumed that the nucleon consists of N c quarks (N c colourless dipoles) and each dipole interacts with other dipole without correlations.
In Eq. (2.9) the only unknown ingradient is Ψ (r i , z). We can reconstruct this wave function using the Witten formula [21] , namely,
where Ψ (r ′ ) is the wave function of the dipole inside the proton on the boundary. For simplicity and to make all calculations more transparent we choose Ψ (r ′ ) = K 0 (Qr ′ ). The value of the parameter Q can be found from the value of the electromagnetic radius of the proton (Q ≈ 0.3 GeV −1 ).
In further presentation we follow Ref. [10] , namely, using the formulae 3.198, 6.532(4), 6 .565(4) and 6.566(2) from the Gradstein and Ryzhik Tables, Ref. [22] , and introducing the Feynman parameter (t), we can rewrite Eq. (2.11) in the form
The amplitudeÃ 1GE (s, b; z, z ′ Eq. (2.5)) depends only on z and z ′ and we need to find |Ψ (r, z)] 2 d 2 r. From Eq. (2.12) one can see that we have to take the integral
where we used 3.197 of Ref. [22] .
In the last equation we assumed that κ (t, z, ξ) /κ (t ′ , z, ξ ′ ) close to unity since the integral has symmetry with respect ξ → xi ′ and t → t ′ . The simplified form allows us to reduce the integral for Φ(z) (see Eq. (2.10)) to the form
In the last equation we put factor
which recover the correct dimension of the wave function. The origin of this factor is simple: we assumed for simplicity in all our previous calculation that L = 1 in AdS 5 . Since L 2 = α ′ √ λ = α ′ 2/ρ this factor is the way to take into account that L 2 = 1. 2.15) in obvious violation of the Froissart theorem [23] . However, as has been discussed in Ref. [10] the impact parameter distribution of the reggeized graviton is different and it has at large b the exponential descrease exp(−ρ b/α ′ ). Such behaviour re-installs the logarithmic dependence of the cross section at high energy in the agreement with the Froissart theorem but nevertherless we expect a wide range of energies where the cross section behaves as s 1/3 . Experimentallly the total cross section in the energy range from fixed target experiment at FNAL to the Tevatron energy has σ tot ∝ s 0.1 . Therefore, we expect that the cross section cannot be described by Eq. (2.9).
We replace G 3 (u) in Eq. (2.9) and in Eq. (2.8) bỹ 2.16) to take into account the effect of the graviton reggeization. Introducing this equation we are able to specify the kinematic energy range where we expect the s 1/3 behaviour of the total cross section.
The comparison with the experimental data
We use Eq. (2.7) with Eq. (2.14) to calculate the physical observables, namely,
As has been expected, it turns out that in the experimental accessible region of energies the cross section, given Eq. (2.9), shows the s 1/3 behaviour for wide range of parameters: g 2 = 0.01 ÷ 0.1, Q = 0.3 ÷ 1 GeV −1 and ρ = 0 ÷ 0.2. Our choice of the parameters reflects the theroretical requirements for N=4 SYM where we can trust this approach, namely, g s = g ≪ 1 while g s N c > 1. The values of σ tot from Eq. (2.9) withÃ fron Eq. It should be mentioned that we have also a hidden parameter ∆ in the wave function of the proton. At the moment theoretically we know only that ∆ > 2. We tried several values of ∆ and ∆ = 3 is our best choice. For pure phenomenological background A 0 (b) we wrote the simplest equation
where B 0 is the slope for the elastic cross section.
With these two new parameters σ 0 and B 0 we tried to describe the data. The result you can see in Fig. 2,Fig. 3 and Fig. 4 .
From these pictures one can see that for the total and elastic cross section we obtain a good agreement with the experimental data while for ther elastic slope (B el the description is in contradiction with the experimental data.. First we would like to understand the main ingredients of the total cross section. For doing so we need to estimate the cross section of the diffractive dissociation. In N=4 SYM approach
In Eq. (3.5) σ dif f = σ sd + σ dd where σ sd and σ dd are cross sections of single and double diffraction respectively. Our predictions for σ dif f we plotted in Fig. 5 where curve 1 is the result of calculation using Eq. (3.5) and curve 2 is the same but we add 6mb of the diffractive cross section of non N=4 SYM origin. In Table1 we compare our predictions with the phenomenological models that do not take into account the N=4 SYM physics. The result of this comparison is interesting since our simple estimates show that cross section of the diffraction production could considerably grow from the Tevatron to LHC energy. We want to recall that the unitarity constraints of Eq. (2.7) leads to |A(s, b; z, z ′ )| ≤ 2 and σ tot = σ el . As far as the inelastic cross section is concerned one can see that the inelastic cross section of the N=4 SYM origin σ (N=4 SYM) = σ tot − σ el − σ dif f − σ 0,in is about 2 mb both for RHIC and Tevatron energy and grows to 23 mb at the LHC energy. Therefore, we can observe some typical features of the N=4 SYM theory only starting from the LHC energy.
The above estimates are based on the background that does not depend on energy. However, Fig. 3 illustrates that the non N=4 SYM background should also depend on energy. In Fig. 3 (the upper curve) we plot the elastic slope for the background of Eq. (3.4) but with B 0 = 12.37 + 2α ′ P ln(s/s 0 ). This amplitude corresponds to the exchange of the Pomeron with intercept 1 which generates the constant cross section but leads to a shrinkage of the diffraction peak. One can see that we are able to describe the slope in such a model. The results of our calculation show that in the large range of energies the N=4 scattering amplitude behaves as s 1/3 with rather small coefficient in front. The graviton reggeization that will stop the antiFroissart behaviour at ultra high energies, does not show up at the accesible range of energy from fixed target Fermilab energy till the Tevatron energy and they can be measured, perhaps, only at the LHC energy.
Conclusion
In this paper we show that N=4 SYM total cross section violates the Froissart theorem and in the huge range of energy this cross section is proportional to s 1/3 . The graviton reggeization will change this increase to the normal logarithmic behaviour σ ∝ ln 2 s. However, we demonstrated that this happens at ultra high energy, much higher that the LHC energy for reasonable high 2/λ ≈ 0.2.
We need to assume that there is a different source for the total cross section with the value of the cross section about 40 mb. With this assumption we successfully describe σ tot , σ el and σ dif f for the accessible range of energy from the fixed target Fermilab to the Tevatron energies. The N=4 SUYM mechanism is responsible only for small part of the inelastic cross section for this energy region (about 2mb). However, at the LHC energy the N=4 SYM theory can be responsible for σ in ≈ 23 mb. The second surprise is the fact that the total cross section and the diffraction cross section can increas considerable from the Tevatron to LHC energy. The bad descripotion of B el gives the strong argument that the non N=4 SYM background should depend on energy.
It means that at RHIC energies the N=4 SYM part of the inelastic cross section is negligible and the quark-guon plasma is created by the mechanism outside of N=4 SYM. For the LHC energy we can expect that N=4 SYM is responsible for the inelastic cross section of about σ in (N = 4 SY M ) = 23 mb out of σ tot = 141.6 mb. We believe that we have a dilemma: to find a new mechanism for the inelastic production in the framework of N=4 SYM other than reggeized graviton interaction, or to accept that N=4 SYM is irrelevant to any experimental data that have been measured before LHC era, with a chance that even at the LHC it will be responsible only for a quarter (or less) of the total cross section. Deeply in our heart we believe in the first way out and we hope that this paper will draw an attention to this challenging problem: searching a new mechanism for multiparticle production in N=4 SYM.
We wish to draw your attention to the fact that the scattering amplitude can change considerably from the Tevatron to LHC energy (see Table 1 ). Therefore, all claims that we can give reliable predictions for the values of the cross sections at the LHC energy and even of the survival probability for the diffractive Higgs production [25] looks exclusively naive and reflects our prejudice rather than our understanding. Figure 5: The description of the energy behaviour of the diffraction production cross section σ dif f = σ sd + σ dd ) with the same set of parameters as in Fig. 4 . σ sd and σ dd are cross sections of single and double diffraction production respectively. The curve 1 shows the N=4 SYM contribution to the diffraction production while the curve 2 correrspond to the N=4 SYM prediction plus 6.5 mb for the cross section of a different source than N=4 SYM. The data are only for single diffraction production. In curve 3 we plot the estimates of Ref. [24] for σ dif f
